One theory of visual awareness proposes that electrophysiological activity related to awareness occurs in primary visual areas approximately 200 ms after stimulus onset (visual awareness negativity: VAN) and in fronto-parietal areas about 300 ms after stimulus onset (late positivity: LP). Although similar processes might be involved in auditory awareness, only sparse evidence exists for this idea. In the present study, we recorded electrophysiological activity while subjects listened to tones that were presented at their own awareness threshold. The difference in electrophysiological activity elicited by tones that subjects reported being aware of versus unaware of showed an early negativity about 200 ms and a late positivity about 300 ms after stimulus onset. These results closely match those found in vision and provide convincing evidence for an early negativity (auditory awareness negativity: AAN), as well as an LP. These findings suggest that theories of visual awareness are also applicable to auditory awareness.
Introduction
How does the brain enable us to experience seeing a picture or hearing a tone? This question has been studied extensively in vision. A common strategy has been to use threshold tasks: If a single, weakly visible image is shown repeatedly at the awareness threshold, subjects typically report that they are aware of the image on half of the trials, even though the image remains constant. The differences in associated neural activity between images that subjects report that they are aware of versus images that they are unaware of represent the neural correlates of visual awareness (Aru, Bachmann, Singer, & Melloni, 2012; Crick & Koch, 1998) . blindsight can perform visual detection tasks well while claiming not to have any visual awareness (Stoerig, 2006; Weiskrantz, 1996) .
In these electrophysiological studies, awareness ratings were used to separate images into those that subjects reported that they were aware of and those that subjects reported that they were unaware of. An event-related potential (ERP; the average EEG response across images) was computed for each awareness rating, and a difference ERP was computed between them. Results of these studies suggest two ERP correlates of visual awareness: visual awareness negativity (VAN) and late positivity (LP; Koivisto & Revonsuo, 2010) . VAN is a negative wave at occipital electrodes that occurs about 200 ms after stimulus onset. LP is a positive wave at parietal electrodes that occurs at least 300 ms after stimulus onset (Koivisto & Revonsuo, 2010) . VAN has been suggested as the earliest electrophysiological correlate of visual awareness , and this claim has been corroborated with magnetoencephalography (MEG; Andersen, Pedersen, Sandberg, & Overgaard, 2016) . However, it is unclear whether LP is correlated with awareness (Dehaene & Changeux, 2011; Salti, Bar-Haim, & Lamy, 2012) , post-perceptual processes (Andersen et al., 2016; , or both.
In terms of mechanisms, the current understanding is that during visual processing, activity from lower visual areas is fed forward to higher areas and then fed back to form recurrent loops. The early recurrent loops occur in lower areas (Lamme & Roelfsema, 2000) and are captured by VAN (Koivisto & Revonsuo, 2010) . As later recurrent loops involve higher areas, including the fronto-parietal network, global recurrent processing ensues. This process may be captured by LP , and it enables subjects to report their awareness (Lamme, 2006) .
Neural correlates of auditory detection
According to recurrent processing theory (Lamme, 2010) , the processes that result in auditory awareness might be similar to those that result in visual awareness. Previous electrophysiological studies with threshold sounds have mainly used detection tasks with and without confidence ratings (Hillyard, Squires, Bauer, & Lindsay, 1971; Parasuraman & Beatty, 1980; Squires, Hillyard, & Lindsay, 1973) . These studies provide some evidence for neural correlates of auditory detection in an early interval (i.e., N1) and a late interval (i.e., P3). In the first study, subjects (N = 3) were asked to detect threshold tones in white noise (Hillyard et al., 1971) . Correctly detected tones (hits) were associated with an N1 (an early negativity at vertex, at about 100 ms) for one subject and a P3 (a late positivity at vertex, at about 300 ms) for all three subjects. In contrast, undetected tones (misses) were not associated with any N1 or P3. In a follow-up study, the task was similar, but subjects also rated their confidence regarding each reported detection (Squires et al., 1973) . When subjects correctly detected tones and rated their confidence in the detection as high, these tones were associated with an N1 and a P3. Undetected tones were not associated with an N1 or P3. Similar effects were observed when subjects were asked to detect and identify tones with different frequencies and also provide a confidence rating (Parasuraman & Beatty, 1980) .
More recently, the neural correlates of informational masking were studied with MEG (Gutschalk, Micheyl, & Oxenham, 2008) . The task was to detect target tones within series of tones that were masked by background tones (multitone masking). Compared with undetected tones, detected tones resulted in a negativity in the MEG between 50 and 250 ms after tone onset. This negativity was localized in the same area as the N1. These findings have been corroborated in subsequent studies with MEG (Dykstra & Gutschalk, 2015; Giani, Belardinelli, Ortiz, Kleiner, & Noppeney, 2015) and electrocorticography (Dykstra, Halgren, Gutschalk, Eskandar, & Cash, 2016) . Similarly, studies that recorded EEG in a change deafness task found an enhanced N1 and P3 to detected changes versus undetected changes (Gregg & Snyder, 2012; Puschmann et al., 2013) .
Taken together, previous studies support the idea that detection is correlated with both early and late activity. However, these studies used methods that are not optimal for measuring awareness. Although awareness is largely captured in a detection task, awareness may be misclassified if subjects have only two ratings to choose from (Hillyard et al., 1971) . For example, subjects may categorize tones as not heard even though they heard the tone faintly. Although tasks with confidence ratings allow for graduated ratings (Parasuraman & Beatty, 1980; Squires et al., 1973) , they remain an indirect measure of awareness. Thus, they do not reflect subjects' experiences as well as asking subjects directly about their experience does. Therefore, awareness should be measured directly with a rating scale that has several alternatives to allow subjects to rate their level of awareness (Sandberg, Timmermans, Overgaard, & Cleeremans, 2010 ).
Neural correlates of auditory awareness
The goal of the present study was to establish ERP correlates of auditory awareness. The study was modelled after previous studies (Hillyard et al., 1971; Parasuraman & Beatty, 1980; Squires et al., 1973) with the addition of using explicit awareness ratings, similar to previous studies in vision (Eklund & Wiens, 2018; Koivisto & Revonsuo, 2010) . Tones were presented at each subject's awareness threshold, and subjects reported their auditory awareness of the tones by using an awareness rating scale with three levels while EEG was recorded. In vision, this approach has found VAN. We expected a similar correlate in hearing, the auditory awareness negativity (AAN).
Method
The method and analyses were preregistered in detail before any data were collected. Deviations from the preregistration are noted below. All data and scripts are available elsewhere (Wiens & Eklund, 2019) .
We collected data from two groups of subjects (group A, doi: 10.17605/OSF.IO/HN8KJ; group B, doi: 10.17605/OSF.IO/SHVZD). For group A, we preregistered an interval for the AAN on the basis of the responses to louder tones (control trials). However, as explained in Section 3.2.1, the data suggested that this preregistered interval preceded the AAN. Therefore, we preregistered a later interval and used a new sample (group B) to test for AAN in this interval.
Participants
We preregistered to recruit at least 20 subjects in each group. If the Bayes Factor (BF) exceeded 3 or was below ⅓ for our hypotheses, recruitment would end. Otherwise, subject recruitment would continue for another week. This process was repeated until the BF reached the criterion, a maximum of 60 subjects were tested, or a predetermined end date was reached.
Group A consisted of 24 healthy subjects (age: M = 25.63 years, SD = 4.43), of whom 11 were male and 22 were right-handed. Group B consisted of 25 healthy subjects (age: M = 26.52 years, SD = 6.18), of whom 10 were male and 24 were right-handed. Subjects had normal or corrected-to-normal vision and were recruited from local universities and through online billboards. They were compensated with either movie vouchers or course credits. Before starting the experiment, subjects provided written consent in accordance with the Declaration of Helsinki. The research was conducted in accordance with the principles of the regional ethics board.
Although we preregistered several exclusion criteria (e.g., noisy EEG data), only three subjects from group B were excluded because they did not show a negativity in the N1 interval in the ERP extracted from aware control trials, as defined below. Critically, the decision to exclude these subjects was made before the ERPs from the critical trials were analyzed. The final samples consisted of 24 subjects in group A (11 male; age: M = 25.63, SD = 4.43) and 22 subjects in group B (8 male; age: M = 26.32, SD = 6.38).
Apparatus and stimuli
Stimuli were 100-ms tones (f = 1000 Hz, 5 ms fade-in and fade-out). Tones were presented binaurally through in-ear tubephones (ER2; Etymotic Research Inc., IL; www.etymotic.com). Instructions were displayed on a BenQ XL2430T, 24-inch gaming monitor (at 144 Hz, 1920 × 1080 resolution). PsychoPy v 1.85.3 (Peirce, 2007) was used to generate tones and to collect behavioral data. A Cedrus StimTracker (Cedrus Corporation, San Pedro, CA) was used to generate triggers to the actual tones. These triggers were used to define tone onsets and served to compensate for any timing errors between the actual presentation of the tones and their event markers from the presentation computer.
Procedure
Subjects performed a tone-detection task while seated in front of a computer screen with their chin in a chinrest. Fig. 1 shows the time course of a trial. On each trial, a black fixation cross (0.5 visual degrees) was shown for 1000 ms. Critical trials contained a tone at the individual subject's auditory awareness threshold (see below), and control trials contained a tone at 10 dB above the calibrated Fig. 1 . The time course of a trial. On each trial, a black fixation cross (0.5°) was displayed on a gray background for 1000 ms. A tone was played binaurally 500 ms after trial onset. On catch trials, no tone was played. The fixation cross remained visible for the duration of the trial. Afterward, subjects rated their subjective awareness of the tone: "I did not hear any stimulus," "I heard the stimulus weakly," and "I heard the stimulus clearly." Subjects were instructed to focus on rating their awareness accurately rather than responding quickly. threshold level. On critical and control trials, a tone was played binaurally 500 ms after trial onset. On catch trials, no tone was played. The fixation-cross remained visible for the duration of the trial. Afterwards, subjects rated their subjective awareness of the tone by using one of three buttons ("1," "2," and "3," corresponding to "I did not hear any stimulus," "I heard the stimulus weakly," and "I heard the stimulus clearly," respectively). Subjects were instructed to focus on rating their awareness accurately rather than responding quickly.
The task comprised 800 trials (640 critical, 80 control, and 80 catch). The trials were divided into eight blocks of 100 trials each (80 critical, 10 control, and 10 catch), with a short break between each block. For each subject in group A, the order of critical, control, and catch trials were randomized within each block. For each subject in group B, the order of trials was randomized within each set of 10 trials (with 8 critical, 1 control, and 1 catch trial per set).
Before the experiment began, subjects performed a short practice task. This task was identical to the main task but with clearly audible stimuli. After the practice task was completed, an interleaved staircase was used to calibrate the tone to a level at which the subject reported being aware (weakly or clearly) on approximately 50% of the trials (i.e., individual auditory awareness threshold). The staircase procedure consisted of three interleaved staircases with 40 trials each (36 tone present trials and 4 catch trials). One staircase started at the threshold estimate obtained from pilot subjects (4 dB), another started 20 dB above this estimate, and another started 20 dB below. The staircase procedure was as follows: If the subject reported awareness when a tone was presented, the level decreased. If the subject reported no awareness when a tone was presented, the level increased. For each staircase, reversal steps were 8, 8, 4, 4, 2, and 2 for the first six reversals, and 1 dB for subsequent reversals.
After the calibration, a validation block was run with 100 trials (80 critical, 10 control, and 10 catch trials). The level of the critical tone in the validation block was determined from both the convergence of the three staircases (from visual inspection) and the mean of the final six reversals for each staircase. If 45-55% of the critical trials in the validation block were rated as aware, the experiment began. If a subject reported awareness on less than 45% of the critical trials, another validation block was run at a higher sound level. Similarly, if a subject reported awareness on > 55% of the critical trials, another validation block was run at a lower sound level. This validation was repeated until the 45-55% aware criterion was met. If this criterion was not met within five validation blocks, subjects were tested at the level that was closest to their awareness threshold. However, all subjects met the criterion within five validation blocks.
EEG recording
EEG data were recorded from six electrodes at standard 10/20 positions (Fpz, Fz, Cz, Pz, P9, and P10) and two additional electrodes (one on the tip of the nose, and one on the cheek) with an Active Two BioSemi system (BioSemi, Amsterdam, Netherlands). Fpz, Fz, Cz, Pz, P9, and P10 were recorded with pin electrodes in a 64-electrode EEG cap; the tip of the nose and the cheek were recorded with flat electrodes attached with adhesive disks. Because the left and right mastoids (M1 and M2) were not available in the EEG cap, we used the nearby positions P9 and P10 for convenience. Two additional, system-specific channels were recorded with pin electrodes in the EEG cap: The common mode sense (CMS; between PO3 and POz) served as the internal reference electrode, and the driven right leg (DRL; between POz and PO4) was used as the ground electrode. Data were sampled at 1024 Hz and were filtered with a hardware low-pass filter at 104 Hz.
Data analysis
The data were processed and analyzed with Matlab (The MathWorks, Inc.) and R (R Core Team, 2016) . Physiological data were processed offline with the toolbox FieldTrip (version 20181003) in Matlab (Oostenveld, Fries, Maris, & Schoffelen, 2011) . The behavioral analyses included all trials, whereas in the EEG data analyses, some trials were excluded (see below).
In the EEG data analyses, tone onset was indexed by the Cedrus StimTracker, which eliminated any timing errors in tone onset. Offline, continuous EEG data were high-pass filtered with a 0.1 Hz Butterworth fourth degree two-pass filter. Fpz, Fz, Cz, Pz, and the mastoids were re-referenced to the tip of the nose, and Fpz was re-referenced to the cheek electrode (for a combined measure of vertical and horizontal electrooculography). Epochs were extracted from 100 ms before tone onset to 600 ms after tone onset. Each epoch was baseline corrected to the mean of the 100-ms interval before tone onset (−100 to 0 ms). For each subject, maximum amplitude ranges were extracted for individual epochs, and the distribution of these amplitude ranges was inspected. Individual trials that were apparent outliers (such as eyeblinks) were excluded. The exclusion thresholds were set for each individual because subjects showed substantial variability in these amplitude ranges. Critically, inspection of trials was blinded to trial type (critical, catch, and control) and awareness ratings to avoid bias (Keil et al., 2014 ).
ERP analysis
Two event-related potentials (ERPs) were derived from critical trials: Aware trials were tones rated as "I heard the stimulus clearly" or "I heard the stimulus weakly," and unaware trials were tones rated as "I did not hear any stimulus." Note that for aware trials, clearly and weakly heard tones were combined because subjects rarely rated their awareness as clear (< 1%, see Section 3.1), similar to studies in vision (Eklund & Wiens, 2018; .
Difference waves were calculated by subtracting the ERP to unaware trials from the ERP to aware trials. We predicted that this difference wave would be negative in the N1 interval (AAN) and positive in the P3 interval (LP). Because in vision VAN overlaps in latency with the visual N1 interval (Eklund & Wiens, 2018; Koivisto & Revonsuo, 2010), we initially expected to observe AAN in the auditory N1 interval. Because we expected N1 at centrally located electrodes (Parasuraman & Beatty, 1980) , we combined Fz and Cz electrodes (after 30-Hz low-pass filtering). For group A, the relevant interval for AAN was preregistered as the peak ( ± 50 ms) of the N1 in the grand mean ERP of the control trials. This definition of the N1 interval was independent from the critical trials and thus did not bias the main results. However, as discussed in Section 3.2.1, this interval preceded an apparent negative difference wave between aware and unaware trials. Therefore, we preregistered this later interval for group B. For both groups, mean AAN amplitudes were computed for the N1 interval across Fz and Cz electrodes, and mean LP amplitudes were computed for the P3 interval between 350 and 550 ms for the Pz electrode. We selected the Pz electrode based on previous findings in vision (Eklund & Wiens, 2018) .
We conducted Bayesian hypothesis testing to determine the degree of evidence for or against the alternative hypothesis (Dienes, 2008) . The Bayes Factor (BF 10 ) expresses the likelihood of the data given the alternative hypothesis relative to the likelihood of the data given the null hypothesis, whereas the BF 01 shows the reverse (Dienes, 2008 (Dienes, , 2016 Wagenmakers, Marsman et al., 2017; Wiens & Nilsson, 2017) . Although the BF is a continuous measure of evidence, we adopted a common interpretation scheme (Wagenmakers, Love et al., 2017) . The BF was calculated with Aladins Bayes Factor in R (Wiens, 2017) . These scripts compute and plot the BF for mean differences in raw units if the alternative hypothesis is modelled as a normal, t, or uniform distribution, and the likelihood is modelled as a normal or t distribution (Dienes & McLatchie, 2018) .
For group A, the alternative hypotheses for AAN and LP were modelled as uniform distributions with the limits of −2 µV to +2 µV. For group B, the alternative hypothesis for AAN was modelled as a t distribution derived from group A. Specifically, we preregistered the following t distribution: M = −0.58 (SEM = 0.22, df = 22, 2-tailed). We note that the preregistration states a positive mean value (i.e., 0.58), but the reason is that the R scripts (Wiens, 2017) require the theoretical effect to be positive. Further, we note that when we checked our analyses after the preregistration, we realized that one subject was missing from this previous analysis. With this subject included, the correct t distribution should have been as follows: M = −0.67 (SEM = 0.25, df = 23, 2-tailed). Although we report the results for the preregistered analysis, results were similar with this corrected alternative hypothesis. These and other additional analyses are available elsewhere (Wiens & Eklund, 2019) . Although we meant to use the specific t distribution (i.e., M = −0.58) only for the alternative hypothesis with regard to AAN, the wording of the preregistration suggests that we intended to use it also for the LP. However, this would be incorrect, because LP amplitudes are positive and much larger than AAN amplitudes. For simplicity, the Bayesian analyses reported below use the same alternative hypothesis for LP as in group A (i.e., −2 µV to +2 µV). Note that results are comparable if the alternative hypothesis for LP is modelled as a t distribution derived from the LP results from group A (Wiens & Eklund, 2019) . Table 1 shows the descriptive statistics for the behavioral data. Subjects performed the task as intended: At the individual awareness threshold, close to fifty percent of the critical tones were rated as aware (of these, 99.7% were rated as weakly heard in both groups). Most control tones were rated as aware, and most catch trials were rated as unaware. The average level of the critical tone was 4.7 dB (SD = 4.1) for group A and 6.7 dB (SD = 7.9) for group B.
Results

Behavior
3.2. ERP 3.2.1. Auditory awareness negativity Table 2 shows the descriptive and inferential statistics for the mean amplitudes. Fig. 2 shows the mean ERPs across subjects in group A. In the left panel, a clear negativity (N1) to control trials (black line) can be seen with its peak at 150 ms after stimulus onset. Our initial, preregistered hypothesis for AAN was that a negative difference wave of aware minus unaware critical trials would occur in the same interval as the N1 to control trials, as in vision (Eklund & Wiens, 2018; Koivisto & Revonsuo, 2010) . However, for this interval (94-194 ms), the Bayesian one-sample t test provided anecdotal evidence against a negativity (BF 10 = 0.37, which corresponds to BF 01 = 2.70). Nonetheless, the left panel in Fig. 2 suggests that there is an apparent negative difference wave (green line), but its peak occurred later, about 190 ms after stimulus onset. On the basis of these findings, we preregistered this interval (140-240 ms) and tested it on a new sample. Fig. 3 shows the mean ERPs across subjects in group B. In the left panel, a clear negativity for the difference wave (green line) is Table 1 Descriptive statistics (mean and SD) of behavior data. Note. The data indicate that subjects performed the task as instructed: Subjects rated close to 50% of the tones at the awareness threshold as aware (i.e., critical trials). They rated most of the tones above the threshold (i.e., control trials) as aware and rated only a few tones as aware when there was no tone (i.e., catch trials).
visible with its peak around 200 ms after stimulus onset. This peak closely matched that of group A, as confirmed by the Bayesian one-sample t test that supported a negativity in the revised interval (BF 10 = 5.90). These findings provide moderate evidence for AAN. Table 2 shows the descriptive and inferential statistics for the mean amplitudes. The right panels in Figs. 2 and 3 show the mean ERPs for the two groups. A positive difference wave of aware minus unaware critical trials (green line) was apparent for both groups after 300 ms. For the preregistered interval (from 350 to 550 ms), evidence for LP was very strong to extreme (group A: BF 10 > 45,000, and group B: BF 10 = 81.10).
Late positivity
Discussion
When tones were presented at the individual awareness threshold, subjects reported being aware of about 50% of these tones. From the electrophysiological recordings, a difference wave was computed for these aware minus unaware tones. This wave showed a central negativity in the early interval (140-240 ms after tone onset) and a central positivity in the late interval (350-550 ms after tone onset). Bayesian hypothesis testing provided moderate evidence for the early negativity (AAN) and very strong evidence for the late positivity (LP).
Auditory awareness negativity
Our initial, preregistered hypothesis for AAN was that a negative difference wave of aware minus unaware tones would occur in Note. The 95% CI is the confidence interval (with a flat prior). Mean trials refer to the average number of trials that were used to compute the eventrelated potential (ERP). BF 10 refers to the Bayes Factor in favor of the alternative versus null hypothesis (see Method section). AAN = auditory awareness negativity; LP = late positivity. Fig. 2 . Grand mean ERPs for group A (n = 24) (left) across Fz and Cz electrodes and (right) for Pz. Each panel shows ERPs for aware trials (red), unaware trials (blue), aware minus unaware trials (green), and control trials (black). To generate these plots, the data were low-pass filtered at 30 Hz. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) the same interval as the N1 to control tones, as in vision (Eklund & Wiens, 2018; Koivisto & Revonsuo, 2010) . For this interval, the Bayesian analysis provided anecdotal evidence against a negativity, opposite to our predictions. However, visual inspection of the data suggested an apparent negative difference wave at a later latency (see green line in Fig. 2A ). In hindsight, this finding of a delayed negativity may not be surprising: Because the latency of the N1 peak is delayed for quieter tones (Picton, Woods, Braun, & Healey, 1977) and the tones at the awareness threshold were quieter than the control tones, it is reasonable that the N1 was delayed to tones at the awareness threshold. Because this N1 delay made theoretical sense, we used the obtained interval for the N1 to preregister a new interval (140-240 ms). In the new sample, the Bayesian analysis provided moderate evidence for a negativity and thus AAN. Specifically, the BF = 5.90 implies that the presence of AAN is almost six times more likely than the absence of AAN. Because few electrodes were used in the present study, no source localization is possible with the present data. However, previous studies that recorded MEG during a multitone-masking task suggest that the main sources may be in auditory cortex (Gutschalk et al., 2008) .
Late positivity
For both data collections, our preregistered hypothesis for LP was that a positive difference wave for aware minus unaware trials would occur between 350 and 550 ms after stimulus onset. Indeed, Bayesian analyses provided very strong to extreme evidence for LP. In vision research, the P3 was larger to aware than to unaware trials; thus, there have been consistent reports of an LP as a positive difference wave (Dehaene & Changeux, 2011; Koivisto & Revonsuo, 2010) . In hearing research, similar results were obtained when subjects provided binary detection responses or rated their confidence (Dykstra, Cariani, & Gutschalk, 2017; Hillyard et al., 1971; Parasuraman & Beatty, 1980; Squires et al., 1973) . In the present study, subjects were required to rate their awareness explicitly. Therefore, our findings of an LP extend previous findings and demonstrate that the late neural correlates of hearing are similar to those in vision.
Implications for theories of awareness
In the philosophical debate about what awareness or consciousness is, two concepts are central: phenomenal consciousness, which refers to "what it is like" to have an experience, and access consciousness, which refers to the state of introspection or reporting about an experience (Block, 1995) . It remains unclear if and how the early process (VAN in vision, AAN in hearing) and the later process (LP in both modalities) map onto these concepts.
According to recurrent processing theory (Lamme, 2006) , local recurrent processing is necessary and sufficient for phenomenal consciousness. Therefore, if VAN and AAN are indirect measures of local recurrent processing, they index phenomenal consciousness (Lamme, 2018) . Furthermore, global recurrent processing enables reporting and introspecting on an experience (Koch, Tononi, Massimini, & Boly, 2016; Lamme, 2006) and thus indexes access consciousness. This is a post-perceptual process according to recurrent processing theory Lamme, 2010) . Therefore, if LP is an indirect measure of global recurrent processing, it indexes access consciousness . (right) for Pz. Each panel shows ERPs for aware (red), unaware (blue), aware minus unaware (green), and control trials (black). To generate the plots, the data were low-pass filtered at 30 Hz. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
According to global workspace theory, local recurrent processing is a preconscious process (Dehaene, Changeux, Naccache, Sackur, & Sergent, 2006; Naccache, 2018) . Thus, VAN and AAN may at best index only preconscious processing. In contrast, if LP is an indirect measure of global recurrent processing, it indexes access consciousness, which subsumes phenomenal consciousness according to global workspace theory (Cohen & Dennett, 2011; Naccache, 2018) .
Although non-response tasks may be a promising approach to separating neural correlates of awareness from those of postperceptual processes (Tsuchiya, Wilke, Frässle, & Lamme, 2015) , the present findings do not resolve this discussion. Nonetheless, they provide convincing evidence that the ERP correlates of auditory awareness (AAN) are analogous to those in visual awareness (VAN).
Conclusion
In terms of neural correlates of auditory awareness, very little empirical research has been done previously (for reviews, see Dykstra et al., 2017; Snyder, Yerkes, & Pitts, 2015) . The present results expand on previous studies that used a detection task (Hillyard et al., 1971) or detection and confidence ratings (Parasuraman & Beatty, 1980; Squires et al., 1973) to investigate the neural correlates of detection in hearing. To capture awareness in hearing, our study used awareness ratings, because they have been shown to capture subjective experiences accurately in vision (Sandberg et al., 2010) . The present findings show that AAN is an early neural correlate of awareness in hearing, similar to VAN in vision.
